Summary. ln vivo adhesion of a K88ab-positive enterotoxigenic Escherichia coli (ETEC) strain to the small intestinal wall of gnotobiotic, colostrum-deprived Chinese and Large White piglets was investigated. A non-enterotoxigenic, attachment factor-deprived E. coli strain, inoculated in association with the K88ab ETEC strain, was used as a marker to determine the content residues on the intestinal walls of gnotobiotic piglets. Both strains were selectively numerated in the luminal contents and on the washed wall from three segments of the small intestine. In vivo attachment was assessed by the r ratio between the number of K88ab ETEC adherent to the wall and the number of both the E. coli strains which came from the luminal content residues and were not completely removed by washing. This r ratio was first calculated in one group of 8 Large White piglets associated with the marker strain and with a K88ab antigen-deprived E. coli which derived from the parental K88ab ETEC strain. Thus, the range of the r ratio was determined in those piglets where no attachment was expected. A comparison between the latter values of the r ratio and the values obtained from 15 Large White and 10 Chinese piglets inoculated with the marker strain and the K88ab ETEC strain allowed us to classify the Large White piglets into adhesive (8 piglets) and non-adhesive (7 piglets) phenotypes and to show that the 10 Chinese piglets belonged to the non-adhesive phenotype.
Introduction.
It is recognized that most cases of porcine neonatal diarrhea are characterized by the proliferation of enterotoxigenic Escherichia coli in the small intestine (Sojka, 1971) ; many of these E. coli (34 to 56 %) bear the proteinaceous K88 antigen on their surface (Sbderlind and M611by, 1979 ; Guinee and Jansen, 1979b ; Moon et al., 1980) . This antigen has been identified as plasmid-mediated fimbriae which have the ability to adhere specifically to receptor sites located on the brush borders of pig enterocytes (Stirm et al., 1967 ; Jones and Rutter, 1972 ; Smith and Lingood, 1971 ; Smith and Huggins, 1978 ; Sellwood, 1980) . , using an in vitro brush border test, demonstrated the existence of two phenotypes, i.e. those which possess the receptor, and consequently are susceptible to K88 antigen adhesion, and those which are resistant because they lack the receptor. The synthesis of this receptor has been shown to be determined by two alleles at a single locus which are inherited in a simple Mendelian way. The dominant allele is expressed as a receptor for the K88 antigen and therefore only homozygous recessive pigs are resistant to K88 adhesion Rutter et al., 1975) . Three serological variants of the K88 antigen, designated as K88ab, K88ac, and K88ad, have been identified (orskov et al., 1964 ; Guinee and Jansen, 1979a (Walters and Sellwood, 1982 ; Edfors-Lilja et al., 1982 ; Snodgrass et al., 19811. ) . However, no breed differences appear to have been suggested so far.
The aim of the present work was to assess the resistance of Chinese piglets as compared to Large White piglets, using an in vivo attachment test performed on germ-free piglets inoculated with the same K88-positive E. coli strain.
Material and methods.
Piglets. -Germ-free colostrum-deprived piglets were used. They were obtained by spontaneous delivery, immediately decontaminated as previously described (Ducluzeau et al., 1976) , and maintained in plastic-film isolators (La Calh6ne, 5, rue 95870 Bezons) where they were fed autoclaved concentrated cow's milk supplemented with 0.9 % glucose and a vitamin mixture including A,, B l , C, D 3 , E, K 3 , B 2 , PP, B 5 , B 6 , H (« Vitamino », Deltavit, France). Twenty-three Large White piglets were obtained from an INRA experimental herd and 10 Chinese piglets from two Chinese breeds (Meishan and Jiaxing) imported into France in 1979 and described by Legault and Caritez (1982) .
Bacterial strains. -The E. coli strains listed on table 1 have been previously described (Duval et al., 1983) . Strain C5148 (K88 + Ent + ) was an enterotoxigenic, tetracycline-resistant E. coli (ETEC) isolated from a diarrheic piglet by L. Renault. It harboured a K88 plasmid encoding for surface antigen K88ab and, in broth culture, produced both heat-labile (LT) and heat-stable (ST) enterotoxins. Strain C5148 (K88-Ent + ) was a K88-negative derivative of the former strain which had spontaneously lost its K88 plasmid but was still tetracycline-resistant and enterotoxigenic (ETEC) . The K88 plasmid present in strain C5148 (K88 + Ent + ) was shown to encode for both the surface antigen and the utilization of raffinose, as reported by Smith and Parsell (1975) . This character was used for differential counts of the K88-positive strain and its K88-negative derivative. Strain EMO was a non-enteropathogenic, plasmid-free E. coli (NETEC), isolated from a healthy human fecal flora (Duval et al., 1981) Large White piglets inoculated with the two K88 antigen-deprived E. coli strains, EM4 and K88-negative ETEC. Neither of these strains could attach to the intestinal wall. In this experiment, the numbers X and x c represented the population levels of K88-negative ETEC on the washed wall and in the contents, respectively. Figure 1a indicates the rM of the three r ratios calculated from the three intestinal segments which were removed from each one of the group 1 piglets described on table 2 ; figure 2a indicates the values of r + Or. All the rM and the r -Ar values were < 3, and all the r + Ar values were < 8.
In the second experiment, 15 Large White piglets were inoculated with both the K88 antigen-positive and the marker E. coli strain EM4. Figure 1b shows that these piglets were distributed into groups 2 and 3 according to their rM values. In group 2 (8 animals), the rM values were always > 6 (fig. 1b) ; in group 3 (7 animals), the rM values were always < 2 (fig. 1b) . The r -Or and r + Ar values of 7 out of 8 piglets of group 2 were always > 8 and > 24, respectively, whereas they were 6 and 28, respectively, for the remaining piglet. These values were < 2 and < 5, respectively, in the group 3 piglets (fig. 2b ).
In the third experiment, 10 Chinese piglets were inoculated with both K88-positive ETEC and with the marker strain EMO. Figure 1c shows that the rM values were always < 4. Figure 2c shows that the r + Or values of 7 out of 10 Chinese piglets ranged between 0 and 1, whereas the confidence interval of the remaining piglets did not exceed 9. 3. Health status of the gnotobiotic piglets before autopsy. Table 4 shows that, within 18 h after association with the ETEC strain, 5/8 of the group 2 piglets were dead or dying, whereas none of the group 3 piglets were dead. The piglets of groups 1 and 4 were healthy 18 h after inoculation with the ETEC strain. Among the group 1 piglets, three were dead or dying at day 4 and three at days 5, 10 and 17. The remaining two piglets were healthy at autopsy which was performed at days 13 and 14. Among the group 4 piglets, two were dead or dying at day 5 and one at day 7. The remaining 7 piglets were healthy at autopsy which was performed at day 1 for three piglets and at days 2, 4, 7 and 9 for the other four.
Discussion.
From the results, it is apparent that it was advantageous to use a nonadhesive strain as a marker for demonstrating the adhesive or non-adhesive phenotype of the gnotobiotic piglets. According to the distribution of both the rM and r + Ar values, Large White piglets challenged with the K88-positive ETEC and marker strains were classified into two distinct groups. The piglets of group 3 were obviously similar to those of group 1 in which the K88-positive ETEC strain was replaced by its K88-deprived derivative. Consequently, the piglets of group 3 belonged to the non-adhesive phenotype. The characteristics of groups 1 and 3 were a r ratio close to 0, and wall population levels of both the ETEC and marker strains < 10 8 CFU/g and 10 to 100-fold lower than their corresponding levels in the luminal contents.
On the contrary, group 2 Large White piglets differed extensively from those of groups 1 and 3. The r ratio was always far from 0, wall population levels of the K88-positive strain were > 10 8 CFU/g in at least two out of the three tested segments and similar to those in the contents. Conversely, wall population levels of the marker strain were always < 10 8 CFU/g in the three segments and 10-fold lower than in the contents. Therefore, group 2 piglets were shown to belong to the adhesive phenotype. In addition, a positive IF test was evidenced on segments S1 and S2 in one piglet of group 2.
Group 4 Chinese piglets exhibited the same characteristics as those of groups 1 and 3. Consequently, they belonged to the non-adhesive phenotype. The same conclusion may be drawn from the IF test which was negative in one piglet each of groups 1 and 4, respectively.
In our experiments, 7/15 Large White piglets belonged to the non-adhesive phenotype. This frequency is consistent with those reported by other authors (Walters and Sellwood, 1982 ; Edfors-Lilja et al., 1982 ; Snodgrass et al., 19811. The 
